Background {#Sec1}
==========

Amyotrophic lateral sclerosis (ALS) is the most common motor neuron disease in adults. Degeneration of upper and lower motor neurons leads to rapidly progressive paralysis of skeletal muscles, thereby also affecting respiratory, speech and swallowing functions. Therefore ALS patients are confronted with progressive physical impairment and loss of communication \[[@CR1]\]. Despite intensive research efforts, curative therapy is lacking so far. Thus palliative care of patients suffering from this incurable and terminal disease with the aim to alleviate disease symptoms as much as possible is of high importance. Clinical care and management has become a topic of increasing research interest \[[@CR2]--[@CR4]\]. Improvement of quality of life (QoL) is most relevant as patients with psychological distress have a greater risk of mortality \[[@CR5]\].

Many studies have reported surprisingly good QoL in ALS patients despite the dramatic and rapidly progressive physical impairment \[[@CR2]--[@CR4], [@CR6]--[@CR8]\]. The interaction of disability and depression respectively QoL in ALS has been controversially discussed \[[@CR2]--[@CR4], [@CR6], [@CR7], [@CR9], [@CR10]\]. Does physical disability automatically lead to development of depression and reduced quality of life? Or are patients able to adapt to the new situation and to replace activities no longer possible due to disease-related physical impairment (profession, hobbies) by other similarly satisfying interests? And if the latter statement is true, does it also apply to ALS patients where disability rapidly deteriorates with disease progression and therefore constantly requires new adjustments? Differential results of previous studies regarding this issue are possibly due to low sample sizes and to the use of different tools for assessment of QoL and depressive symptoms. Moreover, evaluation of these items is especially difficult in ALS patients as they are restricted in many activities due to disease-related physical limitations. Hence QoL in ALS patients must be determined in different areas of life. Until now, it is still unclear to what extent progressive physical limitations are necessarily associated with increasing depression and decreasing QoL and which other factors are important.

In our study in a large cohort of 159 ALS patients we intended to characterize the impact of several factors (physical impairment, disease duration, gender, disease onset and age) on depressive symptoms and QoL in ALS patients and to specify the relationship between physical impairment, depression and QoL. We further aimed to elucidate which aspects of QoL are affected in ALS patients and whether there are differences related to the disease phenotype. We aimed to provide more systematic and detailed evidence for the relevance of ALS-related limitations in physical and social functions. This knowledge should contribute to more specific therapy and care, adjusted to the individual situation of a patient.

Methods {#Sec2}
=======

One hundred fifty nine ALS patients from the ALS outpatient clinic at Hannover Medical School participated in the survey. The study has been approved by the ethical committee of Hannover Medical School and all subjects gave informed consent to the participation. The study was performed in accordance with the Declaration of Helsinki principles. All patients had met the revised El Escorial criteria for probable or definite ALS \[[@CR11]\] and did not have clinical signs of frontotemporal dementia, while specific tests to detect minor cognitive/frontotemporal abnormalities were not routinely performed. Patients filled in three standardized questionnaires (Beck Depression Inventory - II (BDI), SF-36 Health Survey questionnaire (SF-36) and revised ALS Functional Rating Scale (ALSFRS-R)).

The ALSFRS-R is a well-established and widely used score for the functional status of patients with ALS. It is based on 12 items, each rated on a 0--4 point scale. The rate of functional disability ranges from 0 (maximum disability) to 48 (normal) points. Three items of the ALSFRS-R assess bulbar involvement (speech, salivation, swallowing), which therefore can be rated from 0 (maximum bulbar involvement) to 12 (no bulbar involvement) \[[@CR12]\]. Further six items of the ALSFRS-R address motor function of upper and lower limbs (handwriting, cutting food, dressing and hygiene, walking, turning in bed, climbing stairs). The last three items estimate involvement of respiratory function (dyspnoea, orthopnoea, respiratory insufficiency).

The BDI is a 21-question multiple-choice self-report inventory, commonly used for quantifying levels of depression. Each of the 21 items is scored on a scale from 0 (symptom not present) to 3 (symptom very intense) leading to an overall-range of 63. The cutoffs used are 0--8: no depressive symptoms, 9--13: minimal depressive symptoms, 14--19: mild depressive symptoms, 20--28: moderate depressive symptoms, 29--63 severe depressive symptoms \[[@CR13]\].

The SF-36 questionnaire is a multi-purpose, short-form health survey with 36 questions. It is a self-administered QoL scoring system that includes eight independent scales: 1. Physical functioning (limitations in physical activities), 2. Physical role (limitations in usual role activities because of physical health problems), 3. Bodily pain, 4. General health perception, 5. Vitality (energy and fatigue), 6. Social functioning (limitations in social activities because of physical or emotional problems), 7. Emotional role (limitations in usual role activities because of emotional problems), 8. Mental health (psychological distress and well-being) \[[@CR14]\]. Each of the question responses relate to a different pre-coded numeric value. The sums of the questions in their section form raw scores for each of the eight scales. The raw scores are translated into one from 0 to 100, with 0 representing a very low level of QoL in that item and 100 representing a very positive response. The SF--36 was chosen as it is short, easy to complete and covers areas that appear appropriate to patients with ALS, such as ability to perform work and daily activities, physical functioning and social functioning. The questionnaire is widely used and has undergone a substantial amount of testing for reliability, validity and responsiveness; it has further been proven to be an adequate instrument for ALS patients \[[@CR15], [@CR16]\].

The SF-36 was standardized in a German norm population (*n* = 2914) \[[@CR17]\]. Age-specific reference values generated in this population have already been applied in other studies for comparison of QoL of patients with different diseases \[[@CR18], [@CR19]\] and were also used in the present study to compare QoL of ALS patients with the German general population. If the reference value was outside the 95 % confidence interval regarding the ALS study population, we concluded a significant difference.

The ALS patient group was characterized regarding gender, onset, age, disease duration and disease severity (see Table [1](#Tab1){ref-type="table"}). For variables with an asymptotic normal distribution mean and standard deviation (SD) are reported, for variables without asymptotic normal distribution median, minimum and maximum are reported in addition. To identify correlations between disease severity, age and disease duration with the extent of depression (BDI) and different aspects of QoL (SF-36), we used linear regression analysis. We first performed a simple regression analysis. Afterwards all variables which tended to significance (*p*-value \< 0.2) were included in a multiple regression model. In a last step we used backward selection (with p \> 0.05 as exclusion criterion) to determine the final model. All results including regression coefficent ß, confidence interval for ß and *p*-values for each of these calculations are listed in Additional file [1](#MOESM1){ref-type="media"}: Table S1. A summary of the results is provided in Table [3](#Tab3){ref-type="table"}. Statistical analyses were performed using SPSS V. 19 (SPSS, Chicago, IL) software, a *p*-value of \<0.05 was considered significant.Table 1Characteristics of the ALS patient cohortCharacteristics of patient cohortALS patientsGender (male : female), *n* = 15992: 67 (58 % : 42 %)Onset (spinal : bulbar), *n* = 155113: 42 (73 % : 27 %)Age, *n* = 159mean (SD)60.7 years (SD 11.1)Disease duration, *n* = 145mean (SD)40.2 months (SD 43.1)median (min - max)24 months (1 -- 234)ALSFRS-R, *n* = 155mean (SD)28.46 (SD 10.9)ALSFRS-R bulbar, *n* = 155mean (SD)7.68 (SD 3.8)median (min - max)9 (0--12)ALSFRS-R: Amyotrophic Lateral Sclerosis Functional Rating Scale -- RevisedSD: standard deviationTable 2Association of different patient characteristics with depression (BDI) and quality of life (SF-36) scoresBDIPhysical functioningPhysical roleBodily painGeneral healthVitalitySocial functioningEmotional roleMental health**ALSFRS-R** ↓↑ **(p \< 0.001)**↓ **(p \< 0.001)**0.092-0.731↓ **(p \< 0.01)**0.1750.7740.052**ALSFRS-R bulbar** ↓0.345\--↑ **(p \< 0.01)**-0.1160.864-0.555**Disease duration**\-\--0.113\-\-\-\--**Gender**\-\-\-\-\-\-\-\--**Onset**-**Sig.** ↓ **for spinal onset (p \< 0.01)Sig.** ↓ **for spinal onset (p \< 0.001)**0.743\-\-\-\--**Age** ↑0.1260.072\--0.058-↓ **(p \< 0.05)**-0.292**BDI** ↑n.a.0.132↓ **(p \< 0.001)**↓ **(p \< 0.05)**↓ **(p \< 0.001)**↓ **(p \< 0.001)**↓ **(p \< 0.001)**↓ **(p \< 0.001)**↓ **(p \< 0.001)**-: *p*-value \>0.2 in the simple regression, variable not included in the final multiple regression modeln.a.: not applicableALSFRS-R: Amyotrophic Lateral Sclerosis Functional Rating Scale -- RevisedBDI: Beck Depression InventoryTable 3Prevalence of different degrees of depression according to the BDI scoresDegree of depressionBDI complete (range 0--63)BDI without somatic items (range 0--45)RangePrevalence (%)RangePrevalence (%)No depressive symptomsBDI 0-819 %BDI 0-530 %Minimal depressive symptomsBDI 9-1324 %BDI 6-929 %Mild depressive symptomsBDI 14-1926 %BDI 10-1316 %Moderate depressive symptomsBDI 20-2819 %BDI 14-2018 %Severe depressive symptomsBDI 29-6312 %BDI 21-457 %BDI: Beck Depression Inventory

Results {#Sec3}
=======

We analysed data from 159 ALS patients (92 male and 67 female) with a mean age of 60.69 years (standard deviation of 11.12 years) and a median disease duration of 24 months (range: 1 month to 19.5 years). Further characteristics of the cohort are listed in Table [1](#Tab1){ref-type="table"}.

As revealed by BDI scores, depressive symptoms were frequent in ALS. Using the regular BDI score, 30 % of the patients suffered from moderate or severe depressive symptoms (Table [2](#Tab2){ref-type="table"}). Since the BDI is often criticized for overestimating depression in physically handicapped persons because of its somatic items, we also calculated the prevalence of depression after removal of the somatic items (regarding ability to work, sleep, exhaustion, appetite, weight loss and concern about health) in new approximate ranges. This analysis showed indeed a lower prevalence in the category "mild depressive symptoms", while the frequency of moderate or severe depressive symptoms was still 25 % (Table [2](#Tab2){ref-type="table"}).

Compared to the German general population in age-matched groups, QoL was significantly reduced in our ALS patient cohort in all categories represented by the SF-36 subscales except for the item "Bodily pain" where ALS patients only marginally differed from the general population. Differences related to "mental health" seemed to be only relevant in older patients (older than 51 years) (Fig. [1](#Fig1){ref-type="fig"}).Fig. 1Comparison of quality of life (QoL) in ALS patients to age-group specific reference values of the German general population. QoL is declined in ALS patients in nearly every scale. Limitations in the field "mental health" only become apparent in older patients, and in the subscale "bodily pain" QoL of ALS patients barely differs from the general population. As in the scales "Physical Functioning", "Physical Role", "Bodily Pain" and "Emotional Role" a normal distribution cannot be assumed the comparison in these fields can only be rated descriptive. Sample sizes: 31--40 years 5 patients, 41--50 years 22 patients, 51--60 years 53 patients, 61--70 years 42 patients, \>70 years 37 patients

Linear regression analysis was performed to identify impact factors on depression and QoL. The results of the final model after backward selection are displayed in Table [3](#Tab3){ref-type="table"}. (All results including the results of the simple regression models are summarized in Additional file [1](#MOESM1){ref-type="media"}: Table S1). Advanced physical impairment (lower ALSFRS-R) was correlated with increasing depression (higher BDI scores) (Fig. [2](#Fig2){ref-type="fig"}). The multiple regression analysis showed that the extent of physical impairment also had an independent impact on the QoL (SF-36) scales related to physical functioning and vitality, regardless of the severity of depression, while the other six categories were not affected (Table [3](#Tab3){ref-type="table"}). The level of depression, on the other hand, independent of the ALSFRS-R score, significantly influenced the majority of QoL categories, including general health, vitality, social functioning, emotional role and mental health (Table [3](#Tab3){ref-type="table"}). That was also the case when we used the BDI score without somatic items, except for the QoL categories physical role and bodily pain (Additional file [2](#MOESM2){ref-type="media"}: Table S2).Fig. 2Linear regression analysis showed a significant negative correlation between ALSFRS-R and BDI. Advanced physical impairment (lower ALSFRS-R) was correlated with increasing depression (higher BDI scores)

Patients with a lower ALSFRS-R bulbar score had significantly less bodily pain. Pain in ALS is typically caused by muscle atrophy and subsequent increase in sensitivity of bones and joints, limited mobility as well as muscle cramps and spasticity \[[@CR20]\]. Patients with predominant bulbar involvement are to a lesser extent restricted in their motility and therefore probably suffer less from pain due to immobility. As, on the other hand, patients with spinal onset develop weakness and atrophy of limb muscles as initial symptoms, they had significantly worse QoL scores in the categories "physical functioning and role" (Table [3](#Tab3){ref-type="table"}).

Higher age was correlated with lower SF-36 scores regarding social functioning (Table [3](#Tab3){ref-type="table"}).

Gender had no influence on depression or QoL.

Surprisingly, disease duration had no influence on depression and QoL either, although longer disease duration was correlated with lower ALSFRS-R scores (p \< 0.01) and similar correlations as for the ALSFRS-R could have been expected.

Discussion {#Sec4}
==========

Quality of life in ALS patients -- comparison with general population-derived reference values {#Sec5}
----------------------------------------------------------------------------------------------

In our study, QoL was significantly reduced in ALS patients compared to reference values from the general population \[[@CR17]\] in nearly all subscales. This reduction of QoL in ALS patients has been described before in one study which also used the SF-36 questionnaire \[[@CR15]\]. Other studies, however, resulted in contrary results: a direct comparison of ALS patients with healthy control persons revealed no differences in QoL \[[@CR4]\]; in a study by Kübler et al., 80 % of ALS patients rated their QoL as satisfactory or good \[[@CR2]\]. QoL includes many domains of experience which are differently affected in ALS and differently rated by ALS patients. One explanation for these controversial results might be the differential emphasis of different tools to assess QoL. There is an ongoing discussion whether so called health related questionnaires as the SF-36 are generally suitable in ALS patients. They are often criticized for focusing mainly on functional status and not being able to accurately reflect the patients' individual QoL \[[@CR21]--[@CR23]\]. Those studies suggest to rather use more individualized questionnaires as e.g., the SEIQoL-DW (Schedule for the Evaluation of Individual Quality of Life Direct Weight) which allows patients to focus on fields of their life which they consider relevant and which are not influenced by physical impairment. These questionnaires indeed highlight QoL more from the patients' perspective. But they also have disadvantages: In our clinical experience, patients always name areas and activities they can still perform without difficulties, which results in relatively high QoL scores. These tests therefore demonstrate that ALS patients are able to shift their priorities and thereby maintain their QoL to a certain degree. We think, however, that they are at risk of overlooking categories of QoL which are affected in ALS patients. One could therefore wrongly assume that there is nothing to improve in the symptomatic treatment/care of ALS patients. General health status questionnaires such as the SF-36, on the other hand, separately assess physical, mental, social and emotional factors. They have the disadvantage that some subscales depend on physical abilities which we clearly accept as a limitation of our study. However, in our analysis, ALS patients rated their QoL worse not only in the physical categories but also in nearly all other dimensions. There are already few studies which used several questionnaires from both categories \[[@CR21]--[@CR23]\]. Nevertheless further research is required. It would be interesting to combine different questionnaires with objective and subjective assessment of QoL, using disease-specific and more general questionnaires in large ALS populations, to give the most comprehensive estimation of well-being of ALS patients.

In fact, in the present study the most obvious difference in QoL between ALS patients and general population was observed regarding the physical domains (physical functioning and physical role). This result was to be expected but should not be considered unchangeable. In our experience, patients often hesitate to use walking frames or wheel chairs and rather accept immobility which apparently has a considerable negative impact on QoL. Based on our findings, it should be at least attempted to achieve maximum improvement in the physical domain by use of assistive technologies. Higher autonomy and mobility might subsequently even improve QoL in other categories, namely regarding social functioning which was also significantly reduced in ALS patients. An early prescription of assistive technologies by the treating neurologist or family practitioner as well as sufficient guidance by physical therapists and medical supply stores seems to be essential. Future studies will be necessary to specifically analyse the effect of early and comprehensive equipment with assistive devices capable to improve mobility and communication on QoL of ALS patients.

The scores in the category "bodily pain" were similar in the ALS cohort compared to the reference values, as opposed to all other SF-36 scales. A prevalence of pain in ALS patients up to 50 % has been described \[[@CR24]\]. In another study which specifically addressed this issue, the median physical pain score reported by ALS patients was 2 on a six point scale, but 20 % of patients rated their pain as ≥4 \[[@CR25]\], indicating that even though pain was not a common problem in our ALS cohort, a subset of ALS patients does suffer from severe pain.

Factors associated with higher levels of depression and decreased quality of life in ALS patients {#Sec6}
-------------------------------------------------------------------------------------------------

Severity of depressive symptoms in our cohort was positively correlated to the extent of physical impairment. This has been controversially described in previous studies: Some authors support a relationship between depression and disease stage \[[@CR2], [@CR9], [@CR10], [@CR26]\] while others do not \[[@CR4], [@CR27]\]. However, one must differentiate between advanced physical impairment (i.e., deterioration of ALSFRS-R) and just longer disease duration. Despite progressive physical impairment during disease duration and a positive correlation between the severity of depression and physical impairment, there was no significant correlation between depression and disease duration in our cohort. This finding is in line with a previous study which found even a negative correlation between depressive symptoms and time since diagnosis \[[@CR2]\]. With longer disease duration patients can develop strategies to cope with the diagnosis and the physical impairment; hence depressive symptoms are less frequent or at least not progressive with longer disease duration despite increasing disability.

According to the literature, physical impairment does not influence QoL \[[@CR4], [@CR7], [@CR23], [@CR28]\]. We found that in fact physical impairment (i.e., low ALSFRS-R scores) only had a significant impact on the physical functioning and vitality scale of the SF-36 but did not influence other aspects. Severity of depression as measured by BDI, on the contrary, had a substantial impact on QoL on several scales including general health, vitality, mental health as well as social and emotional well-being. This impact was not modified by the extent of physical impairment. Our results are in line with the literature as it has been described previously that depression and QoL are highly negatively related \[[@CR29]\]. In ALS patients, fatigue and depression were previously found to be associated with poor QoL \[[@CR23], [@CR30], [@CR31]\].

Data on prevalence of depression in ALS in different studies depend on the tests they used, but there is some evidence that depressive symptoms are frequent \[[@CR2], [@CR26], [@CR30], [@CR32]--[@CR34]\]. In the present study over 30 % of patients had moderate or severe depressive symptoms. Although the BDI as well as other depression scores include somatic markers of depression and therefore can overestimate the prevalence of depression in ALS patients \[[@CR8], [@CR20], [@CR35]--[@CR37]\], it has been used in ALS patients and a high reliability of the BDI in assessing self-reported depressive symptoms has been shown \[[@CR10], [@CR38]\]. Moreover, the prevalence of moderate or severe depressive symptoms in our ALS population was only slightly lower when we removed the somatic items from the BDI. Hence a significant proportion of ALS patients seem to suffer from depression. It can neither be recommended to use the BDI as a depression screening instrument nor to treat ALS patients with antidepressants based on their BDI score. One must, however, be aware of the frequency of depressive symptoms in ALS patients and pharmacological treatment as well as psychological support should be made available if necessary. The significant correlation between depression and QoL clearly suggests that efficient treatment of depression could contribute to improve QoL. Depressive symptoms should therefore not be accepted as an inevitable consequence of an incurable disease \[[@CR38]\].

Regarding QoL in elderly ALS patients, we observed a significant negative correlation of age with the domain social functioning. This means that increasing age maybe is another factor which adds to the limitation of social contacts. Health professionals as well as family members should have that in mind and specifically address this issue in older ALS patients.

Conclusion {#Sec7}
==========

Our study answers the questions raised in the background sections as follows: QoL was considerably reduced in ALS patients, especially regarding (but not restricted to) physical domains. Physical impairment promotes depressive symptoms but does not necessarily lead to reduced QoL. However, depressive symptoms are frequently observed in ALS and can have a serious negative effect on QoL. Identification of other potentially treatable factors which promote development of depression in ALS patients could therefore be useful.

One can conclude that, despite the lack of curative therapy, ALS carers (including specialized physicians as well as nursing and familial caregivers) can substantially contribute to maintenance of QoL at the highest possible level. QoL and depressive symptoms should be regularly evaluated and special requirements of patients with different ALS phenotypes should be kept in mind.

Recommendations {#Sec8}
===============

Advanced physical impairment was correlated with higher degrees of depression. Hence, assistive devices for improved mobility and autonomy should be provided by clinicians specialized in ALS and sound instructions by physical therapists should ensure proper use by patients.QoL was much more influenced by depression than by physical impairment. Timely diagnosis and pharmacological treatment of depressive symptoms is therefore crucial in ALS and could improve QoL.Low-threshold psychotherapeutic support should be available for ALS patients.In elderly patients, health professionals and family caregivers should particularly focus on social functioning as reduction in QoL in this category is age-dependent.Implementation of point 1--4 requires involvement of neurologists specialized in ALS, qualified physical therapists and instructors in medical supply stores, psychiatrists and/or psychotherapists as well as sensitive professional or familial nursing staff, thereby highlighting the importance of a multidisciplinary team for the treatment of ALS-patients.

Additional files {#Sec9}
================

Additional file 1: Table S1.Detailed results of regression analysis.Additional file 2: Table S2.Association of different patient characteristics with depression (BDI without somatic items) and quality of life (SF-36) scores.
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